Aim: The prevalence of dementia is rising due to increases in the aging population and chronic health conditions. The present study examined whether lifestyle activities, including instrumental activities of daily living and social roles, were associated with dementia incidence in Japanese community-dwelling older adults.
Introduction
Assuming age-specific prevalence rates remain stable, the number of cases of dementia worldwide has been projected to more than triple by 2050, relative to 2010 levels. 1 Primary prevention of dementia is important to achieve dementia-free living in old age, as well as development of disease-modifying drugs.
After accounting for non-independence between risk factors, approximately one-third of Alzheimer's disease cases worldwide might be attributable to potentially modifiable risk factors, which include education, vascular risk factors and depression. 2 According to the evidence from the Medical Research Council Cognitive Function and Aging Study in England and Wales, later-born populations have a lower risk of prevalent dementia than those born earlier in the past century. 3 The reduction predicted through improvement of vascular health might already be apparent. These findings should motivate public health approaches across the lifecourse to prevent dementia in old age. 4 Identifying protective factors is essential to the formulation of effective interventions for dementia. In observational studies, older adults who had participated to a greater extent in leisure activities had a lower risk of dementia than those who had participated to a lesser extent. 5, 6 Although these studies identified the efficacy of leisure-time activities including physical, cognitive and social activities, the relationships between dementia incidence and lifestyle activities, such as visiting friends and house cleaning, are not well known.
The aim of the present study was to examine whether lifestyle activities are associated with dementia incidence in older individuals using the National Center for Geriatrics and Gerontology -Study of Geriatric Syndromes database. 7 We hypothesized that older individuals who had not participated in intellectual and everyday activities would have a higher risk of dementia incidence than those who had participated in such activities.
Methods

Participants
Participants were selected from adults enrolled in a populationbased cohort study: the National Center for Geriatrics and Gerontology -Study of Geriatric Syndromes. 7 Of the people recruited from Obu, Japan, 4564 community-dwelling persons aged ≥65 years participated. The inclusion criteria were residence in Obu and age ≥65 years at the time of the examination (August 2011 to February 2012). 8 The exclusion criteria were enrollment in the Japanese certified public long-term care insurance system, which requires support or care; the inability to carry out basic activities of daily living, such as eating, dressing, bathing and showering, functional mobility, climbing up and down stairs, personal hygiene and grooming, and toilet hygiene. Participants with a history of dementia were also excluded. In addition, we excluded participants whose responses contained missing data for the outcome assessment and potential confounders. Of the initial 5104 participants, 540 were excluded; data from 4564 older persons were analyzed (2275 men and 2289 women). Their mean age was 71.7 AE 5.3 years (range 65-97 years).
Measurements of lifestyle activity
Participants completed a questionnaire including 16 questions regarding physical activity, cognitive activity, social role and social relationship as lifestyle activity. This questionnaire included the following: (i) "Do you engage in low levels of physical exercise aimed at health?"; (ii) "Do you engage in moderate levels of physical exercise or sports aimed at health?"; (iii) "Do you engage in cognitive stimulation, such as board games and learning?"; (iv) "Do you read books or newspapers?"; (v) "Do you engage in culture lessons?"; (vi) "Do you use a personal computer?"; (vii) "Do you visit your friends?"; (viii) "Do you go out every day?"; (ix) "Do you talk with anyone every day?"; (x) "Do you drive a car?"; (xi) "Do you do some shopping for daily groceries?"; (xii) "Do you do housecleaning?"; (xiii) "Do you take out the trash?"; (xiv) "Do you engage in field work or gardening?"; (xv) "Do you take care of a grandchild or pet?"; and (xvi) "Do you engage in paid work?" Answers of "yes" were determined positive responses.
Measurement of the incidence of dementia
Participants who did not have dementia at the baseline and who were diagnosed with dementia at the follow up were considered to have incident dementia; the data were collected from the Japanese Health Insurance System. In Japan, all adults aged ≥65 years have public health insurance comprising one of the following: health insurance for employed individuals (Employees' Health Insurance), national health insurance for unemployed and selfemployed individuals aged 65-74 years (Japanese National Health Insurance), or healthcare for individuals aged ≥75 years (LaterStage Medical Care). 9 In the present research, participants were tracked monthly for newly incident dementia (Alzheimer's disease or other dementia subtypes), as recorded by the Japanese National Health Insurance and Later-Stage Medical Care systems. Participants were considered to have dementia based on a diagnosis by medical doctors, including dementia specialists and non-specialists, according to the International Classification of Diseases-10. 
Potential confounding factors
Dementia results from numerous factors that occur together over a long period. Demographic variables, chronic medical conditions, psychosocial factors, physical performance and cognitive function are associated with dementia incidence in older persons. 10 All multivariate models included the following covariates, unless otherwise specified: age at enrollment, sex, educational level, current smoking, chronic medical illnesses, depressive symptoms, comfortable walking speed and cognitive impairment. The presence of the following self-reported chronic medical illnesses was entered into the models: heart disease, pulmonary disease, hypertension, hyperlipidemia and diabetes mellitus. Mini-Mental State Examination (MMSE) was used as a screening test for dementia.
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Statistical analysis
Student's t-test and Pearson's χ 2 -test were used to test differences in the baseline characteristics according to age (65-74 years vs ≥75 years), sex and the presence or absence of dementia. Participants who moved away or died were excluded from the univariate analyses of dementia incidence. We calculated the cumulative dementia incidence during the follow-up according to the baseline lifestyle activity status grouping. Intergroup differences were estimated using the log-rank test. Cox proportional hazards regression models were used to analyze associations between lifestyle activity status and dementia incidence. After adjusting for age and sex for model 1, we then used a multiple adjustment model that was adjusted for demographic variables, primary diseases, lifestyle and psychological variables as possible confounding factors. Adjusted hazard ratios (HR) for dementia incidence and their 95% confidence intervals (CI) were estimated. All analyses were carried out using IBM SPSS v.24.0 (IBM Japan, Tokyo, Japan). Statistical significance was set at P < 0.05.
Results
Prevalence rates of dementia
The number of lifestyle activities engaged in by the participants was on average 10.6 AE 2.4 out of 16 activities of older individuals. After an average of 42.6 months, 219 participants (4.8%) were diagnosed with dementia, 41 participants (0.9%) moved away from Obu and 113 (2.5%) participants died during the follow-up period. The prevalence rates of dementia incidence in the groups of men and women, 65-74 years and ≥75 years, were 4.0%, 5.5%, 2.7% and 10.6%, respectively. Table 1 presents the possible confounding factors for dementia incidence for participants grouped according to sex and age. Significant differences were found for education, current smoking, stroke, hypertension, diabetes and MMSE between men and women, and for age, education, current smoking, stroke, hypertension, walking speed and MMSE between the two groupsthose aged 65-74 years and those aged ≥75 years (Table 1) . Regarding lifestyle activities, more men had engaged in cognitive stimulation, reading, using a personal computer, daily outdoor activity, driving a car, taking care of a grandchild or pet and working compared with women. More women had engaged in physical exercise, culture lessons, visiting friends, shopping, housecleaning and taking out the trash than men. The 65-74 years age group was more active in physical exercise, cognitive stimulation, using a personal computer, daily outdoor activity, daily conversation, driving a car, taking care of a grandchild or pet and working than the ≥75 years age group. The older group was more active in taking out the trash than the 65-74 years age group (Table 1) . Table 2 shows the baseline characteristics between the participants with and without dementia incidence during the follow-up period. Age, sex, education, stroke, walking speed and MMSE differed significantly between participants with and without dementia ( Table 2 ). The participants without dementia were more active in cognitive stimulation, reading, using a personal computer, visiting friends, daily conversation, driving a car, shopping, field work or gardening, taking care of a grandchild or pet and working than the participants with dementia. There was no measurement where the participants with dementia were significantly more active compared with the participants without dementia ( Table 2 ). Figure 1 presents the dementia rates that differed significantly between the participants according to their specific lifestyle activities (Fig. 1) . Survival analyses using the Cox proportional hazards regression model showed that the probability of dementia was significantly lower in the participants who engaged in daily conversation (HR 0.56, 95% CI 0.35-0.89, P = 0.015), driving a car (HR 0.63, 95% CI 0.45-0.88, P = 0.007), shopping (HR 0.57, 95% CI 0.34-0.96, P = 0.033) and field work or gardening (HR 0.71, 95% CI 0.54-0.94, P = 0.016; Table 3 ). Table 4 presents results of Cox proportional-hazards regression models showing the associations between lifestyle activities and dementia incidence according to sex and age. The probability of dementia was significantly lower in the participants who engaged in driving a car (HR 0.52, 95% CI 0.31-0.89, P = 0.018) in men, and in the participants who engaged in daily conversation (HR 0.51, 95% CI 0.28-0.92, P = 0.026) and field work or gardening (HR 0.59, 95% CI 0.41-0.84, P = 0.004) in women (Table 4 ). In the analysis of each age group, the probability of dementia was significantly lower in the participants who engaged in daily conversation (HR 0.32, 95% CI 0.15-0.66, P = 0.002), driving a car (HR 0.50, 95% CI 0.30-0.83, P = 0.007) and field work or gardening (HR 0.46, 95% CI 0.30-0.69, P ≤ 0.001) in the 65-74 years H Shimada et al. age group, and in the participants who engaged in shopping (HR 0.51, 95% CI 0.28-0.93, P = 0.029) in the group aged ≥75 years. The participants who participated in culture lessons showed a significantly higher probability of dementia than the participants who did not participate in this activity (HR 1.48, 95% CI 1.02-2.14, P ≤ 0.039; Table 4 ).
Confounding factors
Probability of dementia in all participants
Probability of dementia in the subanalysis
Discussion
In the present prospective study, dementia risk was significantly negatively associated with specific lifestyle activities, even though Cox regression models were adjusted for many potential confounders. Many previous studies have reported an association between dementia risk and physical activity 6 and cognitive and social activities. 5 Although the present data are generally consistent with those of other prospective studies, some measurements did not show significant relationships with dementia incidence in older adults. In all participants, the probability of dementia was significantly lower in the participants who engaged in daily conversation, driving a car, shopping and field work or gardening. Previous studies suggest that these lifestyle activities might have an important role in improving cognitive health among older individuals. For instance, it is suggested that social interactions including daily conversation might act as stimuli to preserve cognition or hinder cognitive decline, therefore preventing older persons from developing dementia. 5 Driving cessation is associated with a number of negative consequences, such as an increased decline in general health, 12 cognitive decline, 13 depressive symptoms, 14 increased risk for long-term care institutionalization
15 Figure 1 The rates of dementia incidence according to lifestyle activities. Solid line: participants with activity; dashed line: participants without activity.
and mortality. 16 Shopping is part of housework, and is an important social role in later life. Low levels of social roles and instrumental activities of daily living are considered to be important domains for predicting future functional decline among community-dwelling older people. 17 In the same way, continued mental/social activity in the tenth decade of life is associated with a lower risk. 18 Horticultural activity is expected to increase social and behavioral activation, and mental well-being, as are moderate levels of physical activity in a nature-based environment. 19 Countrywide
and population-based research shows that gardening might be beneficial for adult mental health, including self-rated health and psychological distress. 20 These findings support the results of previous studies in the relationships between activity and incidence of dementia in Japanese older populations. Sex and age differences were observed in the correlates with dementia incidence. Men showed associations between driving and dementia incidence, and women showed associations between daily conversation and field work or gardening and dementia incidence. The percentage of drivers among men and women was 92.1% and 52.0%, respectively (P < 0.001). Previous studies have shown that older women were threefold more likely to quit driving than men. 21 These results suggest that driving might play a role in maintaining daily life, especially in men who live in a community without enough public transportation. Previous studies have shown that driving cessation is accompanied by declines in physical and social functioning, physical performance or role 12 and decreased activity 22 driving might contribute to accessing social and out-of-home activities. Previous studies have shown that former and never drivers are at higher risk for entering long-term care institutions. 15 From previous studies, the potential negative effects of non-driving or driving cessation could increase the risk for dementia, although we could not analyze driving status in the present study. Although there were no significant differences between the sexes regarding the percentage of participants who engaged in daily conversation and field work or gardening, Cox proportional hazards regression models showed associations between these activities and dementia incidence in women. In women, field work or gardening, requiring physical activity, had a positive impact on dementia. In fact, among older women, greater physical activity induced smaller declines in cognition. 23 Previous study on psychological sex differences has shown that although women use communication as a tool to enhance social communications and create relationships, men use language to exert dominance and achieve tangible outcomes. 24, 25 Thus, reduced conversation potentially decreases social communications in women. Age differences were observed in the relationships between activity status and dementia incidence. The probability of dementia was significantly lower in the participants who engaged in daily conversation, driving a car and field work or gardening in the 65-74 years age group, and in the participants who engaged in shopping in the ≥75 years age group. The participants aged 65-74 years showed proportionally higher daily conversation and driving compared with the participants aged ≥75 years, and almost all the participants in the 65-74 years age group engaged in these activities. The participants without daily activities might have a higher risk of dementia incidence than the active participants. Shopping for daily necessities is an important opportunity for outdoor activity. Limited life space is also closely associated with decreasing cognitive function. A smaller living space is correlated with adverse health outcomes, including chronic illness, 26 depression, 26 frailty 27 and dementia. 28 We consider that these Table 4 Hazard ratios for dementia according to lifestyle activity status (yes/no) according to sex and age Men (n = 2275) Women (n = 2289) 65-74 years (n = 3358)
≥75 years (n = 1206)
Hazard ratio (95% CI)
P-value
Hazard ratio (95% CI) P-value specific lifestyle activities might play an important role in preventing dementia in older adults, and the activities that prevent dementia might differ depending on sex and age. Healthcare providers should therefore implement lifestyle assessment as part of a dementia prevention strategy. Facilitating an active lifestyle might be useful in possibly delaying the future appearance of dementia among older persons, especially among those with an inactive lifestyle. The present study had the following limitations. First, participants were not randomly recruited, and this might have led to underrepresentation of dementia, because the participants were sufficiently healthy to receive the health checkups in their homes at the baseline assessment. Second, data were not collected about the dementia subtype (e.g. Alzheimer's disease, vascular dementia, dementia with Lewy bodies, frontotemporal dementia). The data thus did not permit inferences regarding correlations between activities and dementia pathology. Third, we were unable to contact an informant (e.g. a family member) to verify medical records and asymptomatic aberrant behavior for some participants. Fourth, information was collected about the participants' medical conditions and comorbidities other than dementia through selfreport, and because we did not have access to medical records, we were unable to confirm these reports. However, in earlier research, self-reported medical conditions and actual medical diagnoses have agreed well. 29 Finally, the lifestyle activities included in the present study were a part of the whole lifestyle activity, and this might underestimate a participant's activity status. Future studies should investigate using comprehensive assessment of lifestyle activities in older people.
In conclusion, the present results show that the probability of dementia is significantly lower in individuals who engage in daily conversation, driving a car, shopping and field work or gardening. We conclude that these specific lifestyle activities might play an important role in preventing dementia in older adults, while the activities to prevent dementia might differ depending on sex and age. Further analysis is required to identify mediators that contribute to the differences between lifestyle activities in relation to dementia incidence.
